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Abstract
Purpose—To examine the effect of staining solutions on the discoloration of resin
nanocomposites.
Methods—Three resin nanocomposites (Ceram X, Grandio, and Filtek Z350) were light cured
for 40 seconds at a light intensity of 1000 mW/cm2. The color of the specimens was measured in
%R (reflectance) mode before and after immersing the specimens in four different test solutions
[distilled water (DW), coffee (CF), 50% ethanol (50ET) and brewed green tea (GT)] for 7 hours/
day over a 3-week period. The color difference (ΔE*) was obtained based on the CIEL*a*b* color
coordinate values.
Results—The specimens immersed in DW, 50ET and GT showed a slight increase in L* value.
However, the samples immersed in CF showed a decrease in the L* value and an increase in the
b* value. CF induced a significant color change (ΔE*: 3.1~5.6) in most specimens but the other
solutions induced only a slight color change. Overall, coffee caused unacceptable color changes to
the resin nanocomposites.
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Recently, advances in nanotechnology have led to several dental resin nanocomposites
becoming available in dental clinics. One of the achievements in nanotechnology is the
development of nanofillers ranging in size from 0.1 to 100 nm. The inclusion of nanofillers
in resin composites has many advantages, such as increased filler content through decreased
empty space within the resin matrix, increased continuity between the host material (teeth)
and the restorative materials, and increased material strength and durability.1–3 Since the
size of nanofillers is much smaller than the incident blue light emitted from the light-curing
unit, nanofillers tend to scatter or absorb less visible incident light, which can increase the
translucency and esthetics of the resin nanocomposites.4–6
Discoloration of restorative materials is an unwanted effect on esthetic dental resin
composites, even though it is inevitable in the oral environment. Discoloration can be caused
by intrinsic and (or) extrinsic factors. Incomplete polymerization of the resin composites
leaves unreacted monomers, which can cause discoloration by aging and subsequent
reactions with other substances. Other components, such as initiators, fillers and pigments,
can affect the color stability.7–12 Since polymerization is achieved by light or heat,
discoloration can occur from exposure to these stimu-li.13,14 Discoloration can also occur
through water sorption and food intake. Since the foods consumed contain a variety of
coloring agents, they can alter the color of the resin composites through absorption and/or
adsorption of colorants during the long period of exposure.7,15 The surface roughness of the
restoratives can also affect discoloration because a roughened surface has different surface
dimensions, and dif-ferent contact rates with coloring agents.16,17
In order to test the staining effect of solutions on resin composites, a variety of beverages,
such as water, coffee, wine, tea and soft drinks have been used.18–22 The specimens showed
a range of discoloration depending on the resin composites themselves and test
solutions.8,23–25
This study tested the effect of various staining solutions (distilled water, ethanol, coffee, and
brewed green tea) on discoloration of resin nanocomposites.
Materials and Methods
Three different resin nanocomposites [Ceram Xa (CX), Grandiob(GD), and Filtek
Z350c(Z3)] were chosen for the study, and their characteristics are listed in Table 1. A
quartz-tungsten-halogen (QTH) lamp-based unit (Optilux 501d) was used for light curing.
To prepare the specimens, a metal ring mold (2 mm in height with an inner diameter of 8
mm) was filled with resin. The top and bottom surfaces were then covered with a thin glass
slide to make the surfaces flat. The specimens were light cured for 40 seconds under 1000
mW/cm2 light intensity. The light-cured specimen was then removed from the mold and
aged for 24 hours in a dark chamber at 37°C for the next measurement. The following four
different test solutions were prepared:
Distilled water (DW);
Coffee (CF) - 0.45 g of instant coffee (Taster’s Choicee) powder/50 cc distilled water,
without sugar or cream;
a.Dentsply DeTrey, Konstanz, Germany.
b.Voco, Cuxhaven, Germany.
c.3M ESPE, St. Paul, MN, USA.
d.Kerr, Danbury, CT, USA.
e.Nestle, Glendale, CA, USA.
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Green tea (GT) - 0.45 g of green tea leaves (Sulloc Chaf)/50 cc distilled water. The
green tea leaves were steeped in 80°C water for 10 minutes, and the leaves were then
removed from the water.); and
50% Alcohol (50ET) - distilled water 25 cc + ethanol (99.9%) 25 cc.
The color change during staining with different solutions was measured using a
spectrophotometer (CM-3600g). Specimens (n= 5 for each test solution) of three different
shades (M1, M2, M5 for CX; A1, A3, B2 for GD and Z3) were chosen and prepared using
the procedures described before. Calibration was carried out according to the procedures of
the system between 360 and 740 nm. After calibration, the initial color of the light-cured
specimen was measured by placing the specimen at the center of the target mask under %R
(reflectance) mode. This target mask has a hole in the center, 7 mm in size. This hole
maintains the consistency of specimen placement during the measurements.
After the first color measurement, the specimens were immersed in 1.5 ml of the test
solutions for 7 hours and distilled water for 17 hours per day over a 3-week period. The test
solutions were stored in a 37°C chamber and renewed daily. While changing the test
solutions, the specimens were cleaned with running water without brushing. After 3 weeks,
the specimens were removed from the test solutions and rinsed with running water. The
remaining water was removed with tissue paper. The second measurement of the %R was
performed immediately under the same conditions. Based on the measured %R data, the
color values were evaluated according to the CIEL*a*b* color coordinate system using the
internal software of the measurement system. The color difference, ΔE*, was obtained using
the following equation:
where ΔL*, Δa*, and Δb* represent changes in L*, a*, and b*, respectively. Here, L*
represents the degree of gray corresponding to a lightness, a* is the red (for + a* value) -
green (for - a* value) axis, and b* is the blue (for - b* value) - yellow (for + b* value) axis.
The result of the color change was analyzed by a two-way ANOVA for the shade and test
solution. A multiple-comparison was then performed using a Tukey's test. A P value < 0.05
was considered significant.
Results
After immersing the specimens for 3 weeks, those in DW, 50ET, and GT became slightly
brighter (whiter). Depending on the product and shade, the L* value increased by 0~2.1.
However, in CF, the L* value of the specimens decreased slightly, approximately 0.3~1.3.
Among the test solutions, only CF made the specimens more yellow. The b* value increased
1.7~5.5 after immersion in CF depending on the product and shade. Among the specimens,
GD showed the greatest change in b* (Table 2).
According to the two-way ANOVA, the shade and test solution in CX and GD were
significant (P≤ 0.001). On the other hand, in Z3, only the test solution showed statistical
significance (P< 0.001). After 3 weeks, the color change in CX, GD, and Z3 ranged from
1.6~4.0, 0.8~5.6, and 2.0~3.4, respectively, depending on the test solution and shade (Table
3). In CX, only CF induced significant color changes. In GD, CF induced marked
f.Amorepacific, Seoul, Korea.
g.Konica Minolta, Osaka, Japan.
Park et al. Page 3













(appreciable) color changes (ΔE*: 3.1~5.6). The value was the highest among the test
conditions examined. In the other solutions, a slight (ΔE*: 0.8) or perceivable (noticeable)
(ΔE*: 1.7~2.7) color change was observed. In addition, in Z3, CF induced the greatest color
change (ΔE*: 2.5~3.4) among the test solutions. In the same test solution, Z3 showed a
similar color change regardless of the differences in shade.
Discussion
This study examined the influence of the type of test solution and shade of the product on
the color of the resin nanocomposites. In CX and GD, the color change of the original
CIEL*a*b* color values was affected significantly (P≤ 0.001) by the shade and type of test
solution. On the other hand, Z3 was significantly affected only by the type of test solutions.
In general, the color stability of a resin composite is affected by a variety of factors, such as
resin matrix, initiator concentration, oxidation of unreacted monomers, filler loading and
pigments.7–13 According to Table 1, each resin product had different filler content. GD and
CX showed the highest and lowest filler content, respectively. However, there was no
correlation between the resulting color change and filler loading. No consistent tendency
was observed in this study.
The color change in the resin nanocomposites may be related to the absorption and/or
adsorption of the colorant contained in the test solution. The test solution containing CF
produced the greatest color change in this study. Coffee has a strong staining effect on resin
composites and natural tooth structures.7,18 The brown coloring agent may be compatible
with the polymer network. Therefore, the facilitated adsorption and penetration of the
coloring agent produced the greatest color change in the specimens immersed in the coffee-
containing solution. The specimens immersed in CF showed the largest change in b* value
among the test solutions examined. A decrease in the L* value should be related to the
adsorption and/or absorption of brown colorant. Tea has a naturally high tannin content,
which is responsible for the significant color change in the resin composites after immersion
in tannin-containing solutions.19,20 However, according to the report, tea extracts do not
contain tannin.21 Brewed green tea has a thin green color. In most cases in the present study,
the green colorant had no greening effect on the specimens regardless of product or shade.
The original a* value changed more toward the direction of red (+a) than green (−a). The
original L* value increased in all products and shades after immersion. This trend suggests
that either the test solution does not contain tannin or the concentration of green colorant
must be too low to be effective. The process is probably related not to the adsorption or
absorption of green colorant, but to the dissolution of pigment(s) in the specimen. The same
trend was observed in specimens immersed in transparent DW and 50ET solutions. An
increase in L* value may be achieved by dilution of the original pigment within the
specimen through absorption of the test solution. Alcohol was reported to roughen and
degrade the surface resulting in increased staining.10,22 However, in this study, no increased
staining was observed. Different experimental conditions may be one of the reasons. Many
studies have examined staining through a dynamic roughening process. However, the
present study does not involve a dynamic roughening process. Specimen and solution were
maintained in the container statically.
The test solutions in this study induced a different degree of color change in the specimens.
DW, 50ET and GT induced a similar color change (in DW 0.8~2.6, in 50ET 1.2~2.5, and in
GT 1.6~2.7 depending on product and shade). This was an acceptable degree range. On the
other hand, CF induced a significantly different color change (ΔE*: 2.5~5.6 depending on
product and shade). In most products, the degree range was unacceptable.
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In conclusion, within the limits of this study, only CF induced an unacceptable (marked or
appreciable) degree of color change. In contrast to the other test solutions, the L* value
decreased and the b* value changed significantly after immersion in CF for 3 weeks due to
the brown coloring agent. Regardless of the test solutions, the filler loading and copolymer
of the monomers had no significant influence on the color change.
Clinical significance
Within the limits of this study, coffee can induce an unacceptable color change in resin
nanocomposites if used regularly for a long time.
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Table 1




CX Methacrylate modified polysiloxane dimethacrylate resin Ba-Al-borosilicate glass, methacrylate functionalized SiO2
nanofiller
57/76
GD Bis-GMA, TEGDMA, UDMA Ba-Al-borosilicate Glass filler, SiO2 nanofillers 71.4/87
Z3 Bis-GMA, UDMA, TEGDMA, Bis-EMA Non-aggregated zirconia/silica 59.5/78.5
CX: CeramX; GD: Grandio; Z3: FiltekZ350
*
According to the manufacturers.
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